A B S T R A C T These experiments were designed to determine whether fasting and feeding were associated with differing rates of protein synthesis in the rat pancreas. It has been established that feeding, acetylcholine, or cholecystokinin-pancreozymin administration was associated with enhanced rates of digestive enzyme secretion; however, the literature is unclear as to effects of such stimulation on enzyme synthesis. Rats fed ad lib. or fasted 24, 48, or 72 hr were used for this study. Pancreases were removed and incubated in tissue culture medium with L-phenylalanine-"C, and incorporation into TCA-insoluble material as well as purified amylase was measured. Compared with fed controls, fasting 24, 48, and 72 hr was associated with 29%, 39%, and 35% decreases in incorporation of L-phenylalanine-14C into protein. Decreases of similar magnitudes were apparent whether the data were expressed in terms of protein or DNA. Pancreatic amylase isolated from rats fasted 48 hr contained 57% fewer counts of L-phenylalanine-'C than amylase isolated from fed rats. Moreover, rats fasted for 24 hr and given bethanechol chloride incorporated greater amounts of L-phenylalanine-1C into protein than fasted controls. Studies were performed to exclude changes in pool size of precursor (L-phenylalanine-"C) or product (amylase) in accounting for decreases associated with fasting. These studies demonstrate that fasting was associated with decreased rates of pancreatic amylase and protein synthesis in rats.
INTRODUCTION
Current literature is unclear as to whether fasting or feeding is associated with changes in rates of protein synthesis in the mammalian pancreas. One group of investigators studying rats and pigeons found protein synthesis to be increased after pancreatic stimulation by Received for publication 10 March 1971 and in revised form 26 July 1971. feeding or administration of cholinergic drugs and pancreozymin (1) (2) (3) (4) . Another group of investigators found protein synthesis to be constant and not increased after pancreatic stimulation by feeding or administration of cholinergic drugs and pancreozymin (5) (6) (7) (8) . Resolution of this question seems basic to an understanding of acinar cell function, for if feeding is associated with increases in pancreatic enzyme synthesis, then it is reasonable to inquire as to the mechanisms whereby such increases are obtained. These experiments were performed to determine whether rates of protein synthesis in the rat pancreas were changed by fasting or feeding.
Pancreatic protein and amylase synthesis have been examined in rats which were fed, fasted, or fasted and given bethanechol. The results show that pancreases obtained from fed rats incorporated greater amounts of L-phenylalanine-14C into tissue proteins and amylase than pancreases from fasted rats. These differences were apparent whether results were expressed in terms of counts per minute/milligram protein or milligrams DNA. Moreover, pancreatic microsomes prepared from fed rats incorporated greater amounts of L-phenylalanine-4C into protein in vitro than microsomes prepared from fasted rats. Enhancement of protein synthesis by pancreases from fed rats could not be accounted for by changes involving pool size of either precursor or product. The results show that protein synthesis in the rat pancreas is variable and that it is increased after feeding or bethanechol administration. The precise mechanisms whereby these two different processes are controlled and integrated remains a problem for future investigation. METHODS
The following materials were used: L-phenylalanine-14C Studies of phenylalanine-'4C incorporation into microsomal protein by rat pancreas. For these studies, rats were fed ad lib. or fasted 24, 48, and 72 hr. The animals were killed, and the pancreases removed and prepared as previously described. Whole pancreases were incubated at 37°C for 15 min in tissue culture medium (100 mg/i ml medium per 0.1 ACi L-phenylalanine-'4C). At completion of incubation, the supporting medium was aspirated, and tissue was washed quickly twice with ice-cold medium and then passed through a tissue press. The tissue was homogenized using a Teflon homogenizer (8 passes at 500 rpm) in 0.44 M sucrose (1 g tissue/10 ml sucrose). The homogenate was centrifuged 2500 rpm for 10 min (twice). The (10) . These methods have been used previously (11) .
Stuidies of L-phenylalanine-14C accumufilation by rat pancreas. 15 fasted (48 hr) and 15 fed rats were used in each experiment; the pancreases were incubated in tissue culture medium (100 mg TWW/ml medium) containing 0.02 1Ci/ml L-phenylalanine-'4C for 5, 10, 20, 30, and 60 min. At completion of incubation, the tissue was removed from medium, blotted quickly on filter paper, and homogenized in 5% TCA. Radioactivity was measured in the media, precipitable (protein) and nonprecipitable (soluble) (3:1) . At completion of the washing procedure, the precipitate was dissolved in 3 ml of 0.5 N KOH and heated at 90°C for 20 min. Samples of this solution were placed in glass counting vials along with 10 ml of scintillation mixture, and radioactivity was determined as previously described (11) .
Protein was assayed by either the biuret (12) or Lowry, Rosebrough, Farr, and Randall method (13) . Amylase activity was assayed by the Bernfeld method using lintner starch as substrate (14) . A unit of amylase activity represents that amount which catalyzes the formation of 1 mg of maltose from starch in 3 min at 37°C. RNA and DNA were separated by modifications of methods described by Schneider and Schmidt and Tannhauser (15) (16) (17) . RNA was assayed by the orcinol method using ribose as the standard; DNA was assayed by the diphenylamine method using calf thymus DNA as the standard (18) . Table I shows effects of feeding and fasting on L-phenylalanine-'4C incorporation into tissue protein by rat pancreas incubated in vitro. Compared with fed rats, fasting for 24, 48, and 72 hr was associated with an 18%, 21%, and 28% decrease in L-phenylalanine-"C incorporation into protein per milligram protein. When the data were expressed as cpm in protein/100 ug DNA, fasting 24, 48, and 72 hr was associated with a 29%, 39%, and 35% decrease in incorporation. Differences between fed and fasted animals were statistically significant. Table IV shows effects of fasting and feeding on Lphenylalanine-'4C incorporation in vitro by rat pancreatic microsomes. For these studies, microsomes and supernate prepared from fed or fasted animals were incubated in vitro. Factors necessary for in vitro protein synthesis were isolated in either the cell sap fraction (supernatant portion) or the particulate fraction (microsomal portion). By incubating supernate and microsomes in a determined order, one can obtain an indication of whether changes in rates of protein synthesis result from changes in either the particulate or supernatant fraction. Microsomes and supernate prepared from fed animals incorporated greater amounts of Lphenylalanine-'4C than microsomes and supernate prepared from fasted animals (44%). Microsomes from fed rats incubated with supernate from fasted rats incorporated 23% fewer counts than microsomes and supernate from fed rats. Likewise, microsomes and supernate from fasted rats incorporated fewer counts Values are means 4SD (four experiments). Pancreatic microsomes prepared from rats fed or fasted 48 hr were incubated in vitro with pooled supernatant fractions; energy-generating system and incorporation into TCA-insoluble material were determined. It was previously shown using pigeons that administration of analogues of the neurohormone, acetylcholine, was associated with enhancement of protein synthesis. If decreased protein synthesis in the pancreas after fasting were, in part, due to decreased neurohormonal stimulation of the pancreas, then administration of an analogue of the neurohormone, acetylcholine, should be associated with an increase in protein synthesis comparable to that observed in the fed animal. If, on the other hand, decreases in protein synthesis were due to "unknown dietary factors," then bethanechol chloride administration should not be associated with increased pancreatic protein synthesis. Fig. 2 shows rates of Lphenylalanine-14C incorporation into pancreatic tissue proteins by pancreases obtained from rats fasted 48 hr and then given either saline or bethanechol chloride. Bethanechol chloride administration to rats fasted 48 60,000- hr was clearly associated with a demonstrable increase in L-phenylalanine-14C incorporation whether the data were expressed in terms of protein or DNA. The difference in slopes of lines of the bethanechol-treated group most likely reflects secretory losses of protein.
RESULTS
The next series of experiments was designed to examine possibilities that changes in L-phenylalanine-4'C incorporation observed with feeding or fasting might be due to changes in pool size or uptake of amino acids by the pancreatic acinar cell. Table VI shows content of L-phenylalanine per gram tissue wet weight in pancreases removed from fed or fasted (24 hr) rats. Phenylalanine content was slightly greater in pancreases of fasted than fed rats. These values agree with values previously obtained for pigeon pancreas. L-Phenylalanine content of the incubating medium was 4800 Amoles/ ml or about 100 times greater than the concentration of Pancreases from four fed or fasted rats were pooled, minced, and homogenized in 1 % picric acid, and amino acid content of the soluble portion was determined using amino acid autoanalyzer. free L-phenylalanine in tissue water. Thus, if it were shown that intracellular concentrations of amino acids were rapidly diluted by amino acids in the medium, it would be highly unlikely that such minor differences could account for differences in L-phenylalanine-"C incorporation by pancreases from fed or fasted rats. Fig. 3 shows data obtained when pancreases from fed and fasted rats were incubated 5, 10, 20, 30, and 60 min in vitro, and amounts of L-phenylalanine-&C in -6 J. A. Morisset and P. D. Webster medium, tissue water, and protein were determined. After 60 min of in vitro incubation, the concentration of L-phenylalanine-`C in medium containing pancreases from fasted rats was greater than that of medium containing pancreases from fed rats. The concentration of L-phenylalanine-"C in tissue water of pancreases from fasted and fed rats was equal after 5 and 10 min of incubation, but after 20, 30, and 60 min of incubation, the concentration of label was greater in tissue water of fasted rats. Rates of incorporation of L-phenylalanine-4C into protein were greater in fed than fasted rats-'for all periods of incubation. Recovery studies for these experiments demonstrated accountability of up to 98% of label in either the media, tissue water, or protein. In summary, these studies show greater disappearance of label from the medium and greater incorporation into protein by pancreases obtained from fed rats. There was also rapid equilibration of amino acids in medium with that in tissue water.
Effects of Fasting and Feeding on Protein

DISCUSSION
It has been well established that feeding, sham feeding, administration of cholecystokinin-pancreozymin, or cholinergic drugs results in initiation of secretion of pancreatic digestive enzymes (19) . However, effects of such stimulation on pancreatic protein synthesis has been unclear. In fact, two somewhat opposing points of view have described the relationship between synthesis and secretion in the pancreas. One view suggested that after secretion there was synthesis of new product. The second view suggested that protein synthesis was constant, that secretion was inconstant or variable, and that variations in enzyme content resulted only from changes in secretion.
Reconciliation of these differing points of view has been provided by recent studies comparing effects of in vivo and in vitro administration of bethanechol chloride, cholecystokinin-pancreozymin, and cyclic AMP (20) . In these studies, it was shown that administration of these agents in vivo was associated with initiation of both secretory and synthetic processes, whereas, administration of these agents in vitro was associated only with initiation of secretion. Clearly, both points of view are correct as related to the type of experimental model under study by the investigator.
However, the question of whether feeding and fasting are associated with differing rates of pancreatic digestive enzyme synthesis has not been resolved. Poort and Kramer recently published experiments in which they were unable to show differences in rates of incorporation of a "4C-labeled amino acid into tissue proteins by pancreases obtained from fed or fasted rats. These investigators concluded that pancreatic protein synthesis in the mammalian pancreas was constant and that feed-IOA00-
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ing and fasting were not associated with changes in rates of pancreatic enzyme synthesis (8) .
Their observations, utilizing rat pancreas, were at variance with experiments which had utilized pigeon pancreas. Pancreases from fed pigeons compared with pancreases from fasted pigeons demonstrated the following: greater incorporation of palmitate-`C into triglycerides and phospholipids, greater rates of oxidation of palmitate-14C to 14CO2, greater rates of incorporation of uridine-'H into RNA, and greater rates of incorporation of L-phenylalanine-14C into proteins (21) (22) (23) .
The present studies have examined rates of amino acid-14C incorporation into tissue proteins, microsomal proteins, and amylase by pancreases obtained from rats which were fed ad lib. or fasted 24, 48, and 72 hr. The data show that pancreases from fed rats incorporated greater amounts of L-phenylalanine-14C into tissue and microsomal protein than rats fasted 24, 48, or 72 hr.
An enhancement of L-phenylalanine-4GC incorporation was demonstrated whether the data were expressed in terms of milligram protein or microgram DNA. Moreover, administration of bethanechol chloride, an analogue of acetylcholine, to rats fasted 48 hr was associated with enhancement of L-phenylalanine-14C incorporation into protein at rates almost equal to those seen in fed animals. When pancreatic amylase was isolated from fed rats, there was greater specific radioactivity of L-phenylalanine-14C per milligram protein as well as per unit amylase. In addition, pancreatic microsomes isolated from fed rats and incubated in vitro with an energygenerating system incorporated greater amounts of label than microsomes from fasted rats. Moreover, experiments incubating cell sap and microsomes in random order suggested that increases associated with feeding resulted from changes at ribosomal as well as cytoplasmic levels of control.
A number of possible sources of error have been eliminated by design of these experiments. Variations in accumulation of amino acids, an indication of transport, by pancreases from fasted or fed animals could not account for changes in incorporation since accumulation of L-phenylalanine-14C at 5-20 min was almost identical for tissue obtained from either fasted or fed rats.
Variations in pool size or tissue content of amino acids between fasted and fed animals could not account for increased incorporation of L-phenylalanine-14C into protein since pool sizes of phenylalanine were almost equal in pancreases from fed or fasted rats. Moreover, by studying incorporation in vitro, intracellular pools of amino acids were rapidly equilibrated with much higher concentrations of amino acids in the incubating media. Hanking and Roberts have shown that intracellular concentrations of amino acids in tissue slices rapidly equilibrate with that of the supporting media (24) . There were almost linear increases in L-phenylalanine-4C incorporation despite the rapid changes in concentration of L-phenylalanine-14C in intracellular tissue water.
Another possible source of error might be due to secretory losses of pancreatic protein after feeding. In other words, could the apparent increase in incorporation result from decreases in milligrams protein of the tissue (a change in denominator rather than numerator) ? However, protein content of pancreases obtained from animals fed ad lib. and animals fasted 48 hr was almost equal. In addition, decreases in rates of incorporation with fasting were apparent whether the data were expressed in terms of DNA or protein. Moreover, it should be pointed out that although the pancreas secretes large amounts of enzyme when expressed in terms of enzyme activity, such activity reflects only minor changes in protein content of the entire gland. For example, 2000 U of amylase activity represents 1-1.5 mg of protein. Secretory studies using rats have shown that maximal secretory rates obtained with in vivo pancreozymin or bethanechol elicit secretion of only 2-4 mg protein/hr (25) . Such secretory losses of protein represent a small change compared with the total weight of the organ (2-4 mg protein vs. 750-1000 mg tissue wet wt).
In vitro incubation of pancreas and isolation of microsomes from rats demonstrated 25, 45, and 60%o decreased incorporation of L-phenylalanine-14C into microsomal protein with 24, 48, and 72 hr of fasting. These experiments, utilizing a short incubation period (15 min) as well as isolation of subcellular sites of protein synthesis (ribosomes), were performed to minimize effects of changes in pool size of product (protein), which might alter results. The results of these experiments agree with results obtained when L-phenylalanine-14C incorporation into whole tissue protein was examined.
Incubation of microsomes prepared from fed and fasted rats with an energy-generating system demonstrated fasting was associated with decreased amino acid-14C incorporation into microsomal protein. The data suggest that such changes result from alterations involving both microsomal and cytoplasmic components. Differences in amino acid-activating enzymes, t-RNA, and transfer enzymes (pH 5 fraction) may account for changes at the cytoplasmic level. Differences at the microsomal level may reflect programming of the ribosomes with messenger RNA. Studies are underway to better define these changes.
In conclusion, these investigations strengthen the view that pancreatic protein synthesis is a variable process and that augmentation of secretion is frequently associated with augmentation of synthesis. The precise manner whereby such control is maintained and integrated is unknown. Moreover, the role that such comEffects of Fasting and Feeding on Protein Synthesis by the Rat Pancreas plex mechanisms of control may play in human disease remains undefined.
